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Abstract— A method for segmenting HEp-2 cells in Indirect 
Immuno Fluorescence microscope (IIF) images is implemented 
and evaluated. Challenges to accurate segmentation include the 
complexity of the data acquired at multiple wavelengths, 
overlapping cells, and variations in staining. Level set methods 
via geometric active contours are used to solve this problem. 
Level set methods use morphological operations to estimate an 
initial cell boundary and are fully automated. Geometric active 
contours are able to adapt to the curve topology of the cell 
boundary. Segmentation performance is evaluated using six 
indices: boundary displacement error, global consistency error, 
variation of information, Jaccard distance error, rand index and 
F-index . 
Keywords—geometric active contours; level set method; HEp-2 
cell segmentation. 
I. INTRODUCTION  
Automated cell segmentation plays a key role in cell 
detection, shape analysis, and cell tracking in spatiotemporal 
contexts. It allows to count the number of cells and study their 
properties. Specific failures of the immune system cause 
many human autoimmune diseases. These diseases are often 
chronic, but early diagnosis makes earlier intervention 
possible, which can minimize further damage to organs and 
tissues. The most common way to diagnose an autoimmune 
disease is using an Indirect Immunofluorescence Test (IIFT), 
where human experts use high resolution displays to 
distinguish around 50 Human Epithelial Type-2 (HEp-2) 
patterns ‎[1]. Algorithms for automated segmentation of HEp-
2 cell populations using microscopy and computer-based 
systems have been proposed, and it is useful to benchmark 
them using common data and evaluation measures. 
II. RELATED WORK 
HEp-2 cell segmentation algorithms first appeared in the 
last decade. One of the earliest works was proposed by Perner 
et al. ‎[2]. Otsu’s thresholding algorithm and morphological 
operations, such as dilation and erosion, were used to segment 
the cells. This approach did not detect all the staining patterns 
of the cell (homogeneous, speckled, centromere, peripheral, 
cytoplasmic and nucleolar) because of the large intensity 
variations in the cell body. This was especially the case in 
nucleolar and speckled patterns, where only the speckles or 
the nucleolus were segmented, rather than the whole cell 
body. In ‎[3], Huang et al. proposed a technique to deal with 
this problem using two different procedures‒Otsu’s algorithm 
with anisotropic diffusion filter and Canny edge detector, and 
morphological smoothing. The watershed algorithm and the 
region growing method were used in ‎[4] to segment HEp-2 
cells, but the performance results of these methods were not 
satisfactory because they could not detect two staining 
patterns (centromere and cytoplasmic) of the six main staining 
patterns. A method was proposed in ‎[5] that adopts image 
reconstruction and classifier-controlled dilation for detecting 
the structure of the cells. The classifier was trained using a 
public dataset of HEp-2 images and the performance was 
compared with other representative approaches.  
Automatic HEp-2 cell segmentation is a challenging  
problem because of the use of different stains, the variations 
in cell densities, and the complexity of the data acquired at 
multiple wavelengths. In addition, there are other issues, such 
as image noise, clustering and overlapping of cells, and large 
numbers of cells per image. The accuracy of a segmentation 
algorithm depends on its ability to extract useful information 
while being robust to variations. The motivation of this paper 
is to develop a robust technique to deal with images of 
varying contrast, different fluorescence intensity and all 
staining patterns. The level set method via Geometric Active 
Contours (GACs) is proposed here for segmentation of HEp-2 
cell images. 
III. IMPLEMENTATION 
A. Database  
The evaluation of the proposed HEp-2 cell segmentation 
algorithm is carried out by comparison with a ground truth. 
Since the segmentation map of the diamidino-2-phenylindole 
(DAPI) fluorescent staining can be considered the gold 
standard, it is used here as the ground truth. The database 
consists of 1001 original specimen images. One ground truth 
segmentation mask is available for each cell image. The 
dimension of the images is 1388×1040 and the image type  is 
TIFF. 
B. Proposed Approach 
The proposed segmentation  method uses level sets via 
GACs and is implemented using MATLAB 2016a. The 
methodology is described in detail in ‎[6], where the method 
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was applied to white blood nuclei segmentation. While an 
evolution force based on mean curvature was used in ‎[6], a 
force in the normal direction to the curve is used here. The 
proposed method is tested using 1001 Hep-2 cells, after 
adjusting the preprocessing steps and parameter settings for 
this application.The steps of the methodology are shown in 
Fig.1, and the result of the segmentation process is shown in 
Fig.2 and Fig.3.  
Preprocessing steps are used here to increase the contrast 
and are custom for a given application and type of data. The 
structuring element in the morphological steps helps to initiate 
the foreground of the geometrical shape of the HEp-2 cell 
outline, break narrow isthmuses, and eliminate thin 
protrusions. ‎For further details about the level set functions, 
evolution of the function using a GAC model, and updating of 
the Euler time step, the reader is referred to references [6-8].  
 
Fig. 1. Flowchart of proposed cell segmentation method (adapted from [6]). 
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Fig. 2. Segmentation example. a) Cell image (TIFF image and size 1388× 
1040). b) The result after an opening morphological operation. c) The result 
after implementation level set method. d) The result of using level set 
method via geometric active contours. e) Segmented cell image. Pixel 
intensity values of 1 (white) and 0 (black) are used for the foreground and 
background, respectively. f) Ground truth image (mask) for cell image. 
 
Fig. 3. Segmentation example. a) Cell image (1388×1040 TIFF image). b) 
Result after opening morphological operation. c) Result after implementation 
of level set method. d) Result after implementation of level set method via 
GACs. e) Segmented cell image; pixel intensity values of 1 (white) and 0 
(black) are used for the foreground and background, respectively. f) Ground 
truth image (mask) for cell image . 
C. Results and Evaluation 
    The proposed segmentation method is evaluated using six 
indices: Boundary Displacement Error (BDE), Global 
Consistency Error (GCE) Variation of Information (VOI), 
Jaccard Distance error (JD), Rand Index (RI) and F-Index, as 
defined in ‎[9]‎[10]. These indices provide a measure of how 
similar the segmentation results are to the DAPI channel 
segmented ground truth. Table I lists the values of these 
performance indices for the proposed segmentation algorithm 
for different HEp-2 cell images in the dataset. Average values 
are computed for the proposed segmentation method using 
1001 test cell images. Results are shown in Fig.4 to Fig. 9. 
The average of JD, RI, GCE VOI, BDE and F-index indices 
are 0.1583, 0.8705, 0.1254, 3.1146, 4.9688 and 0.8018 
respectively, where respective values of 0, 1, 0, ∞,‎∞, and 1 
indicate perfect segmentation. The JD (blue line), VOI (purple 
line), BDE (cyan line) and F-index (orange line) indices show 
that the proposed segmentation method does not perform well 
for a few Hep-2 cell images (see Fig. 4,7,8,9).  
 
The segmentation algorithm works well on the majority of 
the 1001 images tested. There are a few images in the dataset 
that are severely degraded or have very close clustering. 
These images give poor results as shown in Fig.3. Table I 
shows the values of performance for six indices of such 
images. These images can be detected and eliminated in 
practice. The last column in Table I shows the values returned 
by the executable code provided for benchmarking. The 
executable code gives somewhat lower performance indices 
than the Matlab version because some Matlab built-in 
functions were replaced and only the Matlab code has full 
GAC adaptation. 
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TABLE I. PERFORMANCE EVALUATION OF PROPOSED SEGMENTATION METHOD 
FOR SOME HEP-2 CELL IMAGE USING SIX INDICES. THE FIRST SIX COLUMNS 
SHOW THE RESULTS OF INDICES USING MATLAB, WHILE THE LAST COLUMN 
SHOWS THE RESULT OF F-INDEX EXECUTABLE. 
 
 
Fig. 4. JD performance values obtained for the proposed segmentation 
method. The Y-axis plots the value of the JD, while the X-axis is the image 
number. JD ranges between [0, 1], where lower is better. 
 
 
Fig. 5. RI performance values obtained for the proposed segmentation 
method. The Y-axis plots the value of the RI, while the X-axis is the image 
number. RI ranges between [0, 1], where higher is better. 
 
 
Fig. 6. GCE performance values obtained for the proposed segmentation 
method. The Y-axis plots the value of the GCE, while the X-axis is the image 
number. GCE ranges between [0, 1], where lower is better. 
 
 
Fig. 7. VOI performance values obtained for the proposed segmentation 
method. The Y-axis plots the value of the VOI, while the X-axis is the image 
number. VOI ranges‎between‎[0,∞),‎where‎higher‎is‎better. 
 
Fig. 8. BDE performance values obtained for the proposed segmentation 
method. The Y-axis plots the value of the BDE, while the X-axis is the image 
number. BDE ranges between [0,∞), where lower is better. 
 
Fig. 9. F-Index performance values obtained for the proposed segmentation 
method. The Y-axis plots the value of the F-index, while the X-axis is the 
image number. F-index ranges between [0, 1], where higher is better. 
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Image 
No. 
JD RI GCE VOI BDE    F-index 
F-index 
EXE 
 00001_p0 0.004 0.907 0.092 3.483 3.055 0.864 0.8437 
 00001_p1 0.04 0.874 0.124 3.709 3.301 0.8315 0.8290 
 00001_p2 0.036 0.904 0.095 3.607 2.384 0.8415 0.8203 
 00001_p3 0.069 0.907 0.092 3.427 3.272 0.8802 0.8584 
 00002_p0 0.028 0.945 0.054 3.465 1.413 0.9265 0.8854 
00002_p1 0.011 0.949 0.050 3.510 1.221 0.9325 0.8884 
 00003_p2 0.047 0.957 0.042 3.347 1.287 0.9357 0.8889 
 00250_p0 0.774 0.584 0.365 2.449 16.55 0.272 0.2266 
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